We test for long term dependence in U.S. stock returns, analyzing composite and sectoral stock indices and firms' returns series to evaluate aggregation effects. Fractal dynamics are not detected in stock indices, but are present in some firms' returns series.
Introduction
Long memory, or long term dependence, describes the correlation structure of a series at long lags. If a series exhibits long memory (or the "biased random walk"), there is persistent temporal dependence even between distant observations. Such series are characterized by distinct but nonperiodic cyclical patterns. Mandelbrot (1977) characterizes long memory processes as having "fractal dimensions." The presence of long memory dynamics in asset prices would provide evidence against the weak form of market efficiency as it implies nonlinear dependence in the first moment of the distribution and hence a potentially predictable component in the series dynamics. It would also raise issues regarding linear modeling, forecasting, statistical testing of pricing models based on standard statistical methods, and theoretical and econometric modeling of asset pricing.
The most widely used tests for fractal dynamics are the rescaled-range (R/S) analysis introduced by Hurst (1951) and later refined by Mandelbrot (1972 Mandelbrot ( , 1975 and Mandelbrot and Wallis (1969) , the modified R/S analysis introduced by Lo (1991) , and the spectral regression method suggested by Geweke and Porter-Hudak (1983) . Long memory analysis has been conducted for stock returns series (Greene and Fielitz (1977) , Aydogan and Booth (1988) , Lo (1991) , Cheung, Lai, and Lai (1993) , Cheung and Lai (1995) , Chow, Denning, Ferris, and Noronha (1995) ) with most evidence suggesting the absence of fractal structure in stock returns. All these studies have used returns series on stock indices, whose construction entails a great deal of aggregation. If fractal structure does exist in individual stock returns series, its presence may be masked in aggregate returns series. This paper considers that possibility by employing the spectral regression method to test for long memory in a variety of aggregate and sectoral stock indices and stock returns series for individual companies.
The plan of this paper is as follows. Section 2 presents the technical details of the fractional integration test. Empirical results are discussed in Section 3. Finally, in Section 4 we summarize our results. 
The Spectral Regression Test for Long Memory
where L is the backward-shift operator, 
Then the spectral regression is defined by
where λ ξ = 2πλ T λ = 0,...,T − 1 ( ) denotes the harmonic ordinates of the sample, T is the number of observations, and ν = g T ( ) << T is the number of harmonic ordinates included in the spectral regression.
Assuming that
= 0, the negative of the OLS estimate of the slope coefficient in (4) provides an estimate of d .
Geweke and Porter-Hudak (1983) prove consistency and asymptotic normality for d < 0, while Robinson (1990) proves consistency for d ∈ 0,0.5 ( ). Hassler (1993a,b) proves consistency and asymptotic normality in the case of Gaussian ARMA innovations in (1).
The spectral regression estimator is not 1/2 T consistent as it will converge at a slower rate. The theoretical asymptotic variance of the spectral regression error term is known to be 2 π 6 .
Data and Empirical Estimates
The series studied include three aggregate stock indices: two at daily frequencies and one at a monthly frequency. We also consider seven sectoral monthly stock indices, and daily prices for the thirty companies included in the Dow Jones Industrials index.
Further details of the data set (constructed from CRSP Daily Stock Master and CITIBASE databases) appear in the tables below. All subsequent analysis is done on the first-differenced log series (returns series). Tables 1 and 2 As Table 1 indicates, there does not appear to be any consistent, convincing evidence supporting the long memory (biased random walk) hypothesis for the returns series of any of the aggregate or sectoral stock indices. When we consider the returns series of the Dow Jones Industrials companies in Table 2 , there is scattered evidence of fractal structure in some of the series. Strong evidence of long memory is only found for Boeing and Eastman Kodak, while weaker evidence is found for Merck, Sears, and
Woolworth. These returns series exhibit long memory features. In the time domain, long memory implies that the series eventually exhibit strong positive dependence between distant observations while, in the frequency domain, the spectral density becomes Signal. In the time domain, these returns series exhibit long-range negative dependence while, in the frequency domain, their spectral density approaches zero as the frequency approaches zero. For the remaining 22 stock returns series there is no evidence of fractal structure. Based upon this evidence, fractal dynamics does not appear to be a universal feature of stock returns at either the aggregate or disaggregate level. Limited evidence of fractal structure for some individual companies' stock returns is established, with the nature of fractional dynamics being dissimilar across these series.
Conclusions
We applied the spectral regression method to test for fractal structure in aggregate stock returns, sectoral stock returns, and stock returns for the companies included in the Dow Jones Industrials index. No evidence of fractal structure is found in the stock indices. Some evidence of long memory is found for five company returns series while intermediate memory appears to characterize the returns series for three other companies. There is no obvious characteristic linking firms in these two groupings. These results highlight the similarities and differences in fractal structure across different companies' series, implying that fractal structure (where it exists) may be masked in stock indices due to aggregation. However, the overall findings from both aggregate and disaggregate data do not offer convincing evidence against the martingale model. 
